A new europium salen complex, Eu(salen) 2 NH 4 , was synthesized, and its composition was confirmed by chemical analysis and infrared spectroscopy. Further characterization was carried out by 151 Eu Mössbauer spectroscopy and magnetic susceptibility measurements. Mössbauer spectroscopic measurements were made at varying temperatures between 9 K and room temperature and a value of Debye temperature of 133 +5 K was computed. Both Mössbauer and magnetic susceptibility measurements confirmed the paramagnetic behavior of this complex and the trivalent state of the europium ion. In view of the fact that the "odd" paramagnetic molecule NO has been shown to reverse sickling of red blood cells in sickle cell anemia, the interaction between the paramagnetic europium salen complex and sickle cells was examined after incubation with this europium complex and shown to have similar effects
INTRODUCTION
Within the decade a few workers [1, 2] have used Eu-151 Mössbauer spectroscopy to study bonding and structure in a number of europium chelates. More recently Katada et al. [3] have investigated a new europium-iron chelate complex utilizing Eu and Fe Mössbauer spectroscopy.
We have synthesized a new solid, Eu(salen)
2 NH 4 + , by using the classical dihydroxyl salen acid represented by the diagram in Structure I. The product was characterized by infrared (IR) spectroscopy and chemical analysis, and its magnetic character was determined by magnetic susceptibility measurements and Eu Mössbauer spectroscopy.
Two measurements at room temperature confirmed tripositive europium, that of magnetic moment, µ = 3.73 Bohr magnetons, and the Mössbauer spectrum, with an Eu-151 isomer shift 0.433 mm/s. The Mössbauer temperature coefficient measurements lead to a Debye temperature in the high range of 133±5 K; this reflects relatively weak intermolecular and intramolecular forces in the complex.
The complex was also examined for action as an antisickling agent. These results are presented in this report. IR spectroscopy was performed on neat solids in a diamond ART cell of a Thermo-Nicolet Avertat 380 FT. Spectra were taken of a salen standard, a Ca(NO 3 ) 2 reference and the Eu(salen) 2 NH 4 + product; they definitely established salen in the product. Magnetic susceptibility measurements from 4 to 300 K were obtained with a SQUID. Mössbauer spectra were taken from 9.6 to 293 K in the constant acceleration mode using the 21.6 keV gamma ray from a 151 SmF 3 source. Spectra were fitted using a least squares analysis program. Slides were made of the untreated sickle cell blood and of the same blood treated with a solution of the europium salen complex in normal saline; both were incubated for 24 hours. The prepared slides were stained with Wright's solution and photographed under the microscope. Figure 1A shows a model of the 8-coordinated Eu 3+ ion in which each salen group is attached by two oxygens and two nitrogens; effectively each salen group is acting as a quadridentate ligand. This compound is highly symmetrical and while the incomplete 4f 6 shell produces some distortion, there is no contribution to distortion from ligand asymmetry. Figure 1B shows the close packing of the 2 salen grouping around the europium ion. In Equation (1) N is the number of molecules per gram, β the Bohr magneton (9.27×10 -21 emu), µ the magnetic moment, k the Boltzmann constant, and T the absolute temperature. Solving (1) for magnetic moment shows µ to be 3.73 Bohr magnetons. This corresponds to two unpaired electrons and the magnetic moment of the complex is close to that of the free Eu 3+ ion which has a magnetic moment of 3.35 Bohr magnetons.. This too suggests little or no perturbation from the ligand field. Figure 3 gives the gross features of the Mössbauer spectrum at 9.6, 30 and 100 K; the line width at room temperature (293 K) is one of the narrowest yet reported for Eu-151, HWHM = 1.092 mm/s. The isomer shifts (0.433 to 0.6155 mm/s) correspond to trivalent europium and are consistent with the magnetic susceptibility data.
RESULTS AND DISCUSSION
In Table 1 In Figure 5 , where ln A is plotted versus T, the area under the resonance curve reflects not only the number of resonant atoms of Eu-151 but also the probability of recoil-free γ-ray absorption. This f factor depends on the vibrational dynamics of the Eu-151 nuclide; its theoretical equation is
where E γ is the incident photon energy, and 〈x 2 〉, the mean square displacement, is a measure of the chemical bond strength of the nucleus with its neighbors. In terms of the Debye model, which introduces the Debye temperature θ D , it can be shown that when T > θ D Equation (2) This result indicates that this symmetrical molecule is consistent with the Debye Model and that even at low temperatures there are frequency modes corresponding to very low energies of quantization. The Debye temperature of 133+5 K suggests that the intramolecular forces are relatively weak.
In 1975, Wynter and colleagues [4] observed the effect of nitric oxide on sickled erthrocytes; they concluded that it was a good anti-sickling and desickling agent. The anti-sickling behavior of nitric oxide was linked to its paramagnetic characteristic, the "odd" electron of nitric oxide acting in a complementary manner to restore the iron structure. With this in mind, slides were prepared with the sickled cell incubated with paramagnetic europium salen complex and a similar effect of less sickled cells appear than when untreated with a chemical agent.
Further studies to clarify the europium salen complex anti-sickling behavior are underway.
